Introduction
The 73 Ge nucleus (natural abundance 7.6%, and Larmor frequency 2.7 MHz in a field Z?0?»18kG) delivers a weak NMR-signal; it is about 6 orders of magnitude weaker than the NMR-signal of protons in HoO in the same magnetic field B0, and with the same probe volume. There are only three 73 Ge NMRstudies 1-3 on GeCl4 , but no high resolution ones on other compounds. 73 Ge has a nuclear spin 4 / = 9/2 and an electrical quadrupole moment Q = -0.29 barn 5 . Therefore Reprints request to Dr. A. SCHWENK. Physikalisches Institut der Universität Tübingen, D-7400 Tubingen, Gmelinstraße 6. 1 C. D. JEFFRIES, Phys. Rev. 92,1262 [1953] . 2 S. I. AKSENOV and K. V. VLADMIRSKII. Dokl. Akad. Nauk SSSR 96,37 [1954] , one expects broad resonance lines of molecules with unspherical symmetry, i. e. a rapid decay of the NMR-signals; e. g. the NMR-signal of methyl-germanium-trichloride decays so rapidly that we were not able to find it. This yields an upper limit for the relaxation time T2 < 100 jusec.
On the other hand, narrow NMR-lines are expected from germanium compounds with spherical symmetry. As there exist some NMR-investigations of tetrahedral compounds of the Group IV-elements e. g. 13 C, 29 Si, and 119 Sn, we investigated such germanium compounds.
Although there would be some interest to investigate mixed Ge-halides, as this was done by BURKE and LAUTERBUR 6 with tin(IV)-halides, it is not worth while with the 73 Ge resonance, as the line widths of unsymmetrical compounds are larger than the chemical shifts of these lines in usual fields B0 .
Experimental

Apparatus
The apparatus, developped to detect very weak NMRsignals, is a pulsed spectrometer described in 7 > 8 . The magnetic field B0= 18.07 kG is stabilized with a 7 Li-NMR-probe 9 . The spatial homogeneity is achieved by special nickel-shims. The probe assembly, with a onecoil-arrangement, permits a sample rotation up to 270 Hz. By a thermostat the temperature of the sample is to be held constant within an accuracy of + 1 °C.
A resolution of 2-10 -7 is obtained with this probe assembly and with a sample volume of 1.5 cm 3 , i. e. at the 73 Ge resonance frequency of 2.7 MHz the width of a NMR-line caused by the inhomogeneity is less than 0.4 Hz, on the other hand, relaxation times T2 ~ 200 msec can be determined from the free-precession decay of the NMR-signal with an influence less than 10% due to the inhomogeneity of the magnetic field.
The measurements were done in such a manner that the NMR-signal decays completely during the time interval (0.1 ... 2 sec) between the rf-pulses. The signal/noise-ratio was improved by using a time-averagingcomputer (Signal Analyzer 5480 A of Hewlett Packard).
Evaluation of the NMR-signals
The signal stored in the time-averaging-computer is transferred to a computer (CDC 3300 of the ZDV, Tü-bingen) by punched tape to calculate the Fourier-Transform of the averaged data. The real part of this Fourier-Transform, the absorption spectrum is a Lorentzian line with a half width:
in the case of an exponentially decaying free-precession-signal, T2 is the transverse relaxation time. Shifts were measured by the sample replacement method. The evaluation of the Carr-Purcell spin-echos was done by Fourier-Transformation of each echo, i. e. of the NMR-signal between two successive 180 -pulses respectively. Time intervals between the 180°-pulses were chosen in such a way, that the decay of the NMRsignal due to the magnetic field inhomogeneity was small. The maximum of the absolute value of the Fourier-Transform of an echo is proportional to the height of this echo. From the decay of these maxima T2 is calculated.
The determination of absolute values of spin-spincoupling constants was done by an iterative least square fitting routine. The number of lines in a spectrum and their relative intensities are well known; under this assumption, the following parameters of the spectrum can be calculated by this routine: the centre of the line group, the coupling constant, the width of a single line, and the absolute intensity of the lines.
Samples
The samples were all contained in cylindrical glass tubes of 9 mm internal diameter, and most were measured at a temperature of (30 ± 1)°C. At this temperature all of them, with the exception of Gel4 were liquids. GeBr4 which melts at 26 °C was undercooled for measurements at deeper temperatures.
The Gel4 samples were a 2.3-molar solution in CS2 and a 0.57-molar solution in benzene. These concentrations correspond nearly with the saturated solutions at a temperature of 40 °C which was the measuring temperature of the two Gel4 samples.
GeCl4 and tetra-methyl-germane (GeMe4) were delivered by the Schuchardt GmbH, München. GeBr4, Gel4, tetra-ethyl-germane (GeEt4), tetra-propyl-germane (GePro4), tetra-butyl-germane (GeBu4), and Ge(OCH3)4 were manufactured by the Alfa Inorganic, Inc., Beverly. The purities of the germanium-halides are 99.999%, those of the organometallic compounds are in the range 97 ... 99.9%.
Results
The Ratio of the Larmor Frequencies of ™Ge, 41 K, and 2 H
Our former measurements of the Larmor frequency 3 of 73 Ge were carried out with a pulse period T, small compared with the relaxation time T2 . This pulse technique, described in 8 as "Fall 3", avoids signal loss due to the inhomogeneity of the field B0, the NMR-lines are broadened by saturation, but in an inhomogeneous field B0 shifts between the maximum of such a line and the Larmor frequency may occur 10 . This effect was underestimated at that time. Now we were able to repeat those measurements with a smaller and rotating probe sample, the pulse period T^ 1 sec was now longer than the relaxation times and T2, therefore such errors are eliminated. /^Ge = -(0.876 78 ±0.000 01) .
Chemical Shifts
The 73 Ge chemical shifts were measured in the tetra-halides and some organometallic compounds.
The results are given in In both solutions of Gel4 , there are two lines of the 73 Ge resonance with the intensity ratio «4:1.
The stronger line is due to the molecule Gel4, whereas the weaker line could be due to a chain compound of the type I3Ge -Gel3 or to Gel2 . This assumption is based on the fact that free iodine was pointed out in both solutions. The error is maximum ± 0.2 ppm. Figure 1 shows the shifts of the alkyles as measured till now. In Fig. 2 alkyles are relatively small just as the shifts of the other alkyles yet measured. In relation to the GeCl4 , the germanium alkyles show a slightly positive shift, whereas the resonances of the tin-alkyles are more than 130 ppm negatively shifted in relation to the SnCl4 resonance. The shifts of the tetra-halides of the elements mentioned above show a similar trend; e. g. between the chemical shifts of the tin-halides ^SnX, an d those of the germanium-halides, the following relation holds:
Comparison of the Chemical Shifts of the Group IV-Elements
<3SnXl=1.41<5,Gex4 (X = Br, I).
Indirect Spin-Spin-Coupling Constants
The protons in the alkyl-groups of the organometallic Ge-compounds are coupled to the ' 3 Ge nucleus by indirect spin-spin-coupling. Figure 3 shows the 73 Ge NMR-spectrum of Ge(CH3)4 . Fig. 3 . 73 Ge NMR-spectrum of Ge(CH3)4 .
As all protons are equivalent spins, this spectrum consists of 13 lines with the intensities proportional to the binomial coefficients (|-2 ), (k = 0,..., 12). 9 of these lines are to be seen in this spectrum, the other ones are less than the noise. From 12 such spectra, the absolute value of the coupling constant was evaluated by the fitting routine:
/'»Ge-, H= (2.99±0.03) Hz for Ge(CH3)4.
The error is the maximum error.
This coupling constant has also been determined in 1963 by SMITH 16 , and in 1964 by SZALMONA 17 from the proton NMR-spectrum of GeMe4 . The results are:
A similar case as described here is found at germanium-tetra-methoxide Ge(OCH3)4; this compound should also deliver a NMR-spectrum of 13 lines. The absorption curve of Ge(OCH3)4 is essentially different from a Lorentzian shape as recorded at all Ge-halides; this leads to the supposition of an unresolved spectrum. Indeed, the least square fitting routine delivers besides the absolute value of the coupling constant of Ge (OCH3) The other germanium alkyles investigated here, have not only one kind of equivalent protons; a more complicated structure of the NMR-spectrum results from this. The recorded absorption-curves show only one NMR-line, which differs strongly from a Lorentzian shape i. e. there is an unresolved spectrum; the half width of the NMR-line is 3 ... 7 times greater than the width of a single NMR-line calculated from the relaxation time T2, as measured by the Carr-Purcell spin-echo technique (Sect. 3.7).
Because of the complicated structure of these spectra, we were not able to evaluate coupling constants by the least-square fitting routine.
Line Widths
To evaluate the relaxation time T2 from the width of a NMR-line, a very homogeneous field B0 is necessary, particularly if there are narrow NMR-lines.
By the rotation of the probe, field gradients perpendicular to the axis of rotation are eliminated; the line widths are only influenced by an inhomogeneity parallel to this axis. The "Li-probe 9 , which is used to measure and to stabilize the field B0, can also be used to measure the inhomogeneity. By a good adjustment of the nickel-shims, a variation of B0 in the range of the probe sample AB/B0^ can be achieved.
The influence on the line w T idth of a constant field gradient parallel to the direction of the field B0 has been calculated by DOLEGA 18 . According to this result, the measured line widths, which are not too much influenced by the inhomogeneity of B0 , can be corrected to get the natural line widths, as they would be recorded in an absolutely homogeneous field. In Table 2 , the line widths are given with these corrections, and also the relaxation times T2 calculated with the aid of Eq. (1).
Germanium methoxide Ge(OCH3)4 shows a significant dependence of the line w T idth on the temperature 0: In the range 20 ... 40 °C the line widths of the germanium-tetra-alkyles did not show a dependence on the temperature within the limits of error. Table 2 . Line widths, relaxation times T2 calculated from line widths and measured by the Carr-Purcell spin-echo method. The measurements were performed at a temperature (9 = 40 °C for Gel4 and at 0 = 30 °C for the other compounds. The errors of the line widths and the related T2 values are three times the r.m.s. error plus a systematical error of+ 0.04 Hz due to the uncertainty of the inhomogeneity-correction and due to the fluctuations of B0 in time. The errors of the CarrPurcell results are the maximum errors.
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